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(54) METHOD OF CLEANING SUBSTRATES 

(57) In a method for removing particles from a sub- 
strate, in particular a silicon wafer substrate, comprising 
the steps of cleaning the substrate with ammonia and 
aqueous hydrogen peroxide, rinsing the substrate with 
ultra pure water, the substrate with fluorohydric acid, 
and rinsing the substrate with ultra pure water, an ani- 
onic surfactant is added to fluorohydric acid, and option- 
ally to a mixture containing ammonia and aqueous 



hydrogen peroxide. This method increases a particle- 
removing rate considerably, since the particles which 
have been removed from the substrate in the cleaning 
step using the mixture containing ammonia and aque- 
ous hydrogen peroxide are not readsorbed on the sub- 
strate in the cleaning step using hydrogen fluoride. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a method for cleaning a substrate. In particular, the present invention relates to a 

method for cleaning a substrate made of a metal, an alloy, a ceramic and the like, which is used in the production of 
electronic materials, magnetic materials, optical materials, ceramics and the like, by removing particles deposited on 
the surface of the substrate. The present invention relates particularly to a method for cleaning a silicon water substrate 
in the production of semiconductors, by removing particles deposited on the surface of the water substrate. 

10 

BACKGROUND ART 

The degree of integration of semiconductor integrated circuits such as LSIs which are produced by forming circuits 
on semiconductor substrates (water) made of silicon single crystal has increased greatly in recent years, and also the 
is line width of the circuits becomes thinner and thinner. Accordingly, fine particles remained on the substrates deteriorate 
the quality and yield of products, as the fineness of the circuits increase. 

A method for cleaning particles deposited on a water is described in RCA Review, 31 (1970), pages 187-206. This 
method comprises heating a mixture of aqueous ammonia and aqueous hydrogen peroxide, and a mixture of an acid 
such as hydrochloric acid and aqueous hydrogen peroxide to about 80°C, and dipping a wafer in the heated mixtures 
20 successively (RCA cleaning). Of these two mixtures containing hydrogen peroxide, one containing ammonia and hydro- 
gen peroxide is used to remove particles deposited on the surface of the water substrate, while one containing hydro- 
chloric acid and hydrogen peroxide is used to remove metals deposited on the surface of the water substrate. 

In the RCA cleaning, the water should be further treated to remove a native oxide by dipping it in hydrofluoric acid 
(dilute hydrofluoric acid) in some production methods, since the native oxide remains on the surface of the cleaned sil- 
25 icon substrate. That is, in many production processes of integrated circuits, the wafers are cleaned by combining the 
RCA cleaning and treatment with hydrofluoric acid as follows: 

(1) Dip cleaning of wafers in a mixture of ammonia-aqueous hydrogen peroxide-ultra pure water 

Usually, this cleaning is carried out at a cleaning temperature of about 80°C for about 10 minutes. In general, 
30 a mixture of 29 wt % aqueous ammonia, 30 w.t % aqueous hydrogen peroxide, and ultra pure water (volume ratio 
of 1 :1 :5) is used, although this ratio may be changed. 

(2) Rinsing of the mixture with ultra pure water 

This rinsing is carried out at room temperature (about 25°C) for about 5 to 10 minutes, or at an elevated tem- 
perature of between about 80 and 90°C for about 5 to 1 0 minutes. 
35 (3) Dip cleaning of wafers in hydrofluoric acid 

This cleaning is carried out using dilute hydrofluoric acid having a concentration of about 0.5 % at a tempera- 
ture of about 25°C for about one minute. 
(4) Rinsing of hydrofluoric acid with ultra pure water 

This rinsing is carried out at a temperature of about 25°C for about 5 to 10 minutes. 
40 (5) Dip cleaning of wafers in a mixture of hydrochloric acid and aqueous hydrogen peroxide 

This cleaning is carried out at a temperature of about 80°C for about 10 minutes. In general, a mixture of 36 
wt. % hydrochloric acid, 30 wt. % aqueous hydrogen peroxide, and ultra pure water (volume ratio of 1 :1 :6) is used, 
although this ratio may be changed. 

(6) Rinsing of the mixture with ultra pure water 

45 This rinsing is carried out at room temperature (about 25°C) for about 5 to 10 minutes, or at an elevated tem- 

perature of between about 80 and 90°C for about 5 to 1 0 minutes. 

(7) Dip cleaning of wafers in hydrofluoric acid 

This cleaning is carried out using dilute hydrofluoric acid having a concentration of about 0.5 % at a tempera- 
ture of about 25°C for about one minute. 
50 (8) Rinsing of hydrofluoric acid with ultra pure water 

This rinsing is carried out at a temperature of about 25°C for about 5 to 10 minutes. 

In the above RCA cleaning, the particles deposited on the wafer substrate are substantially removed by the clean- 
ing process with ammonia and aqueous hydrogen peroxide in the steps (1) through (4). 
55 That is, the particles deposited on the surface of the wafer substrate are removed by the cleaning with the mixture 
of ammonia, aqueous hydrogen peroxide and ultra pure water at about 80°C, the rinsing with ultra pure water, the clean- 
ing with dilute hydrofluoric acid, and the subsequent rinsing with ultra pure water, in the RCA cleaning steps. 

However, when the mixture of ammonia, aqueous hydrogen peroxide and ultra pure water is heated to about 80°C, 
the vapor pressure of ammonia increases, and furthermore hydrogen peroxide quickly decomposes. Thus, the compo- 
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sition of the mixture changes in a short time. As a result, the life of the mixture is shortened, and the mixture should be 
replaced with a fresh mixture frequently. 

The cleaning of wafers is carried out at a wet station in a clean room while evacuating the vapors of the reagents. 
However, since the temperature is as high as 80°C, the large volume of the vapors should be evacuated. Consequently, 
5 a large amount of fresh air should be supplied in the clean room, and thus an amount of consumed electric power for 
operating the clean rpom increases. Accordingly, it is highly desired to develop a low temperature cleaning method 
which has a good removing ability to remove the deposited particles from the wafer, for the cleaning step using ammo- 
nia and aqueous hydrogen peroxide. 

10 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a cleaning process using ammonia and aqueous hydrogen peroxide 
which has a good ability to remove deposited particles from wafers at room temperature (about 25°C). 

Accordingly, the present invention provides a method for cleaning a substrate by the removal of deposited particles 
15 from the substrate, comprising the steps of: 

(1) cleaning the substrate with ammonia and aqueous hydrogen peroxide, 

(2) rinsing the substrate with ultra pure water, 

(3) cleaning the substrate with hydrofluoric acid containing an anionic surfactant, 
20 and 

(4) rinsing the substrate with ultra pure water. 

In a preferable embodiment, an anionic surfactant may be added to a mixture containing ammonia and aqueous 
hydrogen peroxide. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing potential energies in a treating liquid used in conventional cleaning methods. 
Fig. 2 is a graph showing potential energies in a treating liquid used in the cleaning method according to the present 
30 invention. 

Fig. 3 is a graph showing zeta-poterrtials of polystyrene latex particles, silicon particles, Si02 particles, and Si 3 N 4 
particles. 

DETAILED DESCRIPTION OF THE INVENTION 

35 

It is well known to add a surfactant to a general cleaning liquid (see, for example, JP-A-6-41770 entitled "Method 
for Treating Silicon Wafer Surface", JP-A-6-84866 entitled "Method for Preventing Deposition of Foreign Materials", and 
JP-A-6-232107 entitled "Agent for Treating Finely Processed Surface"). 

The present invention is based on a finding of an unexpected effect that deposited particles can be effectively 
40 removed from wafer substrates even at room temperature, when an anionic surfactant is added to dilute hydrofluoric 
acid which is used after the cleaning of the wafer substrate with a mixture containing ammonia and aqueous hydrogen 
peroxide in the course of the removal of deposited particles from the wafer substrate. It is also found that the addition 
of an anionic surfactant to a mixture containing ammonia and aqueous hydrogen peroxide increases the ability of this 
mixture to remove the particles at room temperature. 
45 To remove the particles deposited on the substrate by the cleaning method of the present invention, firstly, the wafer 
is dip cleaned with a mixture containing ammonia and aqueous hydrogen peroxide at a temperature around room tem- 
perature (15 to 30°C) requiring no heating for about 10 minutes, and then the wafer is rinsed with ultra pure water to 
remove the mixture from the wafer. 

A composition of the mixture comprising ammonia, aqueous hydrogen peroxide and ultra pure water may be the 
so same as conventional compositions. 

Next, the wafer is dip cleaned with hydrofluoric acid (diluted hydrofluoric acid with a concentration of between about 
0.1 and 5 wt. %) to which an anionic surfactant has been added, to remove a native oxide formed on the wafer. Finally, 
the wafer is rinsed with ultra pure water for about 5 minutes to remove the mixture. 

Preferable examples of the anionic surfactant used in the present invention are carboxylic acid type, sulfonic acid 
, 55 type and sulfate type anionic surfactants having a hydrophilic group such as groups of the formulas: -COOH, -S0 3 H and 
-OS0 3 H and their metal salts, ammonium salts, and primary, secondary and tertiary amine salts. These anionic sur- 
factants may be used independently or in admixture of at least two of them. 

Specific examples of the anionic surfactants are 
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CF 3 (CF 2 ) n COOH, (CF 3 ) 2 CF(CF 2 ) n COOH, HCF^CF^COOR CF 3 (CF 2 ) n (CH 2 ) m COOH, 

CF 3 (CF 2 ) n CF=CH(CH 2 ) m COOH, CI(CF 2 CFCI) p CF 2 COOH in which n is a number of 2 to 17, m is a number of 1 to 
2, and p is a number of 1 to 9, and their metal salts, ammonium salts, and primary, secondary and tertiary amine 
salts; 
5 and 

' C n H 2n+ iS0 3 H, C n H 2n+1 0(CH 2 CH 2 0) m S0 3 H, C n H 2n+r Ph-S0 3 H, C n H 2n+1 -Ph(S0 3 H)-0-Ph-S0 3 H in which Ph isa 
phenylene group, n is a number of 5 to 20, and m is a number of 0 to 20, and their metal salts, ammonium salts, 
and primary, secondary and tertiary amine salts. 

10 Typical examples of the sulfonic acid type ones are C 12 H 26 0(CH 2 CH 2 0) 2 S0 3 H, C 9 H 19 PhO(CH 2 CH 2 0)4S0 3 H, 
C 12 H 24 0(CH 2 CH 2 0) 4 S0 3 H, CeF^PhSOsH C 9 F i7 OPhS0 3 H, RC^CHfCH^SOsH in which R is a hydrocarbon 
group a hydrogen atom of which may be substituted with a fluorine atom, C 12 H 2 50S0 3 H, C 12 H 25 -Ph(S0 3 H)-0-Ph- 
S0 3 H, and their metal salts, ammonium salts, and primary, secondary and tertiary amine salts. 

The concentration of the anionic surfactant is at least 0.1 ppm, preferably between 0.2 and 3000 ppm, more pref- 

15 erably between 0.5 and 1000 ppm, based on the amount of hydrofluoric acid or the mixture of ammonia and aqueous 
hydrogen peroxide (and optionally ultra pure water). 

Zeta-potentials of the substrate and foreign particles will explain a reason for the increase of the ability to remove 
the particle of the cleaning method using the ammonia-aqueous hydrogen peroxide mixture at room temperature 
around 25°C, by the addition of the anionic surfactant to dilute hydrofluoric acid. 

20 A zeta-potential on a surface of a solid in an alkaline cleaning liquid is usually negative (see, for example, Fumio 
Kitahara, "Interfacial Electrodynamic Phenomena" (KAIMEN DODEN GENSHO)). Since the ammonia-aqueous hydro- 
gen peroxide cleaning liquid is alkaline, the zeta-potential of particles deposited on the surface of the wafer substrate is 
contemplated to be negative. Thus, there is an electrostatic repulsion force between the particles and the surface of the 
wafer substrate. 

25 The dot line in Fig. 1 shows the potential energy which is generated between polystyrene latex particles (PSL) and 
a native oxide (Si0 2 ) in a mixture of ammonia, aqueous hydrogen peroxide and ultra pure water in a volume ratio of 
1:1:5. 

In the figures, a positive value means a repulsive force, while a negative value means an attractive force. 
Zeta-potentials of the polystyrene latex particles and the native oxide surface (Si0 2 particles being used as substi- 
30 tutes for the native oxide surface in the measurement of the zeta-potential) were measured in a liquid having pH of 1 0.7, 
which is the same pH as that of the above mixture having the volume ratio of 1 :1 :5, using a zeta-potential static charge 
meter based on an electrophoretic light-scattering method (ELS-800 manufactured by OTSUKA ELECTRONIC). The 
zeta-potential of the polystyrene latex particles was -60 mV, and that of the native oxide surface was -60 mV. 

It is contemplated that the particles leave the surface of the wafer substrate in the ammonia-aqueous hydrogen per- 
35 oxide cleaning liquid, since the zeta-potentials of the surface of the wafer substrate and the particles are both negative, 
and thus the electrostatic repulsive force is generated between them. 

However, as shown in Fig. 1 , the electrostatic repulsive force reaches only in a short distance of about 50 nm. 
Therefore, the removed particles still float near the surface of the wafer substrate. In the cleaning method using the 
ammonia-aqueous hydrogen peroxide mixture, the particles which are present near the surface of the wafer substrate 
40 are transferred together with the cleaning liquid into the rinsing step using ultra pure water when the wafer is transferred 
from the cleaning step to the subsequent rinsing step, since the native oxide is formed on the silicon substrate: 

Zeta-potentials of the polystyrene latex particles and the native oxide surface (Si0 2 particles being used as substi- 
tutes for the native oxide surface in the measurement of the zeta-potential) were measured in ultra pure water, and -20 
mV and -60 mV, respectively. Thus, the electrostatic repulsive force is generated between the polystyrene latex parti- 
45 cles and the native oxide surface in ultra pure water. 

The broken line in Fig. 1 shows the potential energy which is generated between polystyrene latex particles (PSL) 
and a native oxide in ultra pure water. In this case, the ammonia-aqueous hydrogen peroxide mixture and the particles 
therein, which are both present on the surface of the wafer substrate and thus transferred into the rinsing step, are grad- 
ually rinsed, and the particles which are floating near the surface of the wafer substrate gradually leave the wafer sub- 
so strate by rinsing. However, the particles may not be readily washed off in a rinsing time of between 5 and 10 minutes. 
Thus, ultra pure water adhering to the surface of the wafer surface and also the particles therein are transferred to the 
cleaning step using dilute hydrofluoric acid, when the wafer substrate is transferred from the previous rinsing step to the 
cleaning step. 

Zeta-potentials of the polystyrene latex particles and the native oxide surface (Si0 2 particles being used as substi- 
55 tutes for the native oxide surface in the measurement of the zeta-potential) were measured in hydrochloric acid having 
pH of 3.3 which is the same pH as that of 0.5 % hydrofluoric acid (since a zeta-potential cannot be measured in dilute 
hydrofluoric acid), and +40 mV and +10 mV, respectively. The zeta-potential of a silicon surface from which the native 
oxide had been removed (Si particles being used as substitutes for the silicon surface in the measurement of the zeta- 
potential) was -20 mV. Thus, the electrostatic repulsive force remains between the particles and the native oxide along 
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the potential curve indicated by the solid line in Fig. 1, when the native oxide remains in the cleaning step using dilute 
hydrofluoric acid. 

However, once the native oxide is removed with dilute hydrofluoric acid and the silicon surface is exposed, the elec- 
trostatic repulsive force disappears between the particles and the silicon surface, as shown by the alternative long and 
5. short dash line in Fig. 1 . As a result, the particles, which are contained in ultra pure water adhering to the surface of the 
wafer substrate, are readsorbed to the surface, when the silicon surface is exposed. 

As explained above, the removal of the deposited particles from the surface of the wafer substrate cannot be 
accomplished by cleaning, if the particles, which have been removed from the surface of the wafer substrate by cleaning 
with the ammonia-aqueous hydrogen peroxide mixture, are readsorbed during the cleaning step with dilute hydrofluoric 
10 acid. 

Fig. 2 shows potential energy curves when the anionic surfactant is added to dilute hydrofluoric acid according to 
the present invention. 

Zeta-potentials of the polystyrene latex particles, the native oxide surface (Si0 2 particles being used as substitutes 
for the native oxide surface in the measurement of the zeta-potential) and the silicon surface (Si particles being used as 
is substitutes for the silicon surface in the measurement of the zeta-potential) were measured in hydrochloric acid having 
pH of 3.3 which is the same pH as that of 0.5 % hydrofluoric acid (since a zeta-potential cannot be measured in dilute 
hydrofluoric acid) and containing 10 ppm of the anionic surfactant C 9 F1 7-0-p-Ph-S0 3 H (p-Ph = para-phenylene 
group), and were -70 mV, -10 mV and -30 mV, respectively. 

As indicated by the solid line and alternative long and short dash line in Fig. 2, the electrostatic repulsive force is 
20 generated between the particles and the native oxide surface, and also between the particles and the silicon surface. 
As a result, the particles which are transferred, together with ultra pure water adhering to the surface of the water sub- 
strate, into the cleaning step using dilute hydrofluoric acid are not readsorbed to the substrate surface. 

According to the cleaning method of the present invention, the particles are removed from the surface of the wafer 
substrate by cleaning with the ammonia-aqueous hydrogen peroxide mixture, and the removed particles are not read- 
25 sorbed to the substrate surface in the subsequent cleaning steps. Therefore, the particle-removing rate after all the 
steps of the method of the present invention is very high. As a result, the good particle-removing effect is attained by 
the cleaning process using the ammonia-aqueous hydrogen peroxide mixture even at room temperature. 

The above descriptions show the change of zeta-potentials and the potential energy curves in the cleaning process 
using the ammonia-aqueous hydrogen peroxide mixture, in relation to the polystyrene latex particles. Zeta-potentials of 
30 other particles exhibit substantially the same change as that of the polystyrene latex particles according to pH of the 
cleaning liquid. 

Fig. 3 shows zeta-potentials of Si0 2 , Si 3 N 4 , polystyrene latex particles (PLS), and silicon (Si) particles measured 
at various pH values of cleaning liquids. 

In the acidic liquid, all the materials except the silicon particles have the positive zeta-potentials, while in the alka- 
35 line liquid, all the materials have the negative zeta-potentials. 

In most cases, particles present in the production methods of semiconductors are those of Si, Si0 2 , Si 3 N 4 , and the 
like, which are used as raw materials. Si0 2 particles and Si 3 N 4 particles behave in a similar way as the polystyrene latex 
particles, since the former particles have close zeta-potentials to that of the latter particles. The silicon particles are not 
readsorbed, since their zeta-potential is negative in dilute hydrofluoric acid. 

40 

EXAMPLES 

The present invention will be illustrated by the following examples. 
45 Example 1 

Polystyrene latex particles having a diameter of 0.6 urn were used as model particles to examine the cleaning effect 
of an aqueous mixture of ammonia and hydrogen peroxide. 

About 5000 polystyrene latex particles were adhered to the surface of a 4 inch silicon wafer (4 inch CZ-N (100)). 
so The silicon wafer was cleaned by the process using the ammonia-hydrogen peroxide mixture, and an ability to remove 
particles was measured after the whole steps. 

Table 1 shows the particle-removing rates at a cleaning temperature of 80°C and 25°C when a mixture of ammonia, 
aqueous hydrogen peroxide and ultra pure water in a volume ratio of 1 :1 :5 was used as a typical composition. 

The cleaning process conditions were as follows: 

55 . 

(1) Dip cleaning in the mixture of ammonia, aqueous hydrogen peroxide and ultra pure water: 10 minutes; 

(2) Rinsing with ultra pure water: 5 minutes; 

(3) Dip cleaning in 0.5 wt. % hydrofluoric acid: 1 minute; 

(4) Rinsing with ultra pure water: 5 minutes. 
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The aqueous ammonia was 29 wt. % one, and the aqueous hydrogen peroxide was 30 wt. % one. 10 ppm of the 
anionic surfactant C 9 F1 7-0-p-Ph-S0 3 H was added to dilute hydrofluoric acid. 

Five wafer substrates were stored in a wafer cassette, and transferred by hand through a dip cleaning bath for 
cleaning with ammonia and aqueous hydrogen peroxide, a rinsing bath containing ultra pure water, a dip cleaning bath 
for cleaning with dilute hydrofluoric acid, and a rinsing bath containing ultra pure water. 

The number of the PSL particles adhered to the wafer substrate was measured using a laser surface inspecting 
apparatus LS-5000 (manufactured by HITACHI ELECTRONIC ENGINEERING) before and after the cleaning process. 
A particle^removing rate was calculated according to the following formula: 

Particle-removing rate = [(the number of particles before cleaning - the number of 
particles after cleaning) x 100]/(the number of particles before cleaning) 



Table 1 



Cleaning 
temp. 


Surfactant 


No. of particles adhered to wafers 
(Na/wafer) 


Particle-removing 
rate(%) 




Structure 


Concentration 


Before cleaning 


After cleaning 




80°C 


C 9 F 17 -0-p-Ph-S0 3 H 


10 ppm 


5310 


150 


97.2 


25°C 


C 9 F 17 -0-p-Ph-S0 3 H 


10 ppm 


5430 


240 


95.6 



Example 2 

Wafers were cleaned in the same manner as in Example 1 except that kinds and concentrations of surfactants 
added to dilute hydrofluoric acid were changed as shown in Table 2, and the cleaning temperature was 25°C. 

For comparison, the results obtained by adding no surfactant, or a cationic or nonionic surfactant to dilute 
hydrofluoric acid are also shown in Table 2. 



Table 2 



Surfactant 


No. of particles adhered to wafers 
(No./wafer) 


Particle-removing rate 
(%) 


Structure 


Concentration 


Before cleaning 


After cleaning 




(None) 


Oppm 


5920 


1180 


80.1 


C 9 F17-0-p-Ph-S0 3 H (anionic) 


1 ppm 


5270 


270 


94.9 




10 ppm 


5430 


240 


95.6 


C 12 H 25 -Ph(S0 3 H)-0-Ph(S0 3 H) 
(anionic) 


10 ppm 


4800 


280 


94.2 


C 7 F 15 COONH 4 (anionic) 


200 pm 


4920 


430 


91.3 


C 12 H 25 N(CH 2 CH 2 OH) 2 (cati- 
onic) 


200 ppm 


3630 


960 


73.6 


C 8 H 17 NH 2 (cationic) 


200 ppm 


4210 


1140 


72.9 


C 12 H 25 0(CH 2 CH 2 0) 9 H (noni- 
onic) 


200 ppm 


3200 


520 


83.6 



Example 3 

Wafers were cleaned in the same manner as in Example 1 except that a volume ratio of ammonia, aqueous hydro- 
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gen peroxide and ultra pure water was changed to 0.5:1:5 (NH 4 OH:H 2 0 2 :H 2 0), and the cleaning temperature was 
25°C. The results are shown in Table 3. 

For comparison, the results obtained by adding no surfactant or by adding a catidnic or nonionic surfactant to dilute 
hydrofluoric acid are also shown in Table 3. 



Table 3 



10 


Surfactant 


No. of particles adhered to wafers 
(No./wafer) 


Particle-removing rate 
(%) 


Structure 


Concentration 


Before cleaning 


After cleaning 






(None) 


0 ppm 


7610 


4330 


43.1 




C 9 F 17 -0-p-Ph-S0 3 H 


10 ppm 


5430 


500 


90.8 


15 


C 12 H 25 N(CH 2 CH 2 OH) 2 


200 ppm 


7530 


4040 


46.3 




Ci 2 H250(CH 2 CH 2 0) 9 H 


200 ppm 


4570 


1770 


61.3 



20 

Example 4 

Wafers were cleaned in the same manner as in Example 1 except that a volume ratio of ammonia, aqueous hydro- 
gen peroxide and ultra pure water was changed to 5:1 :5 (NH 4 OH:H 2 0 2 :H 2 0), and the cleaning temperature was 25°C. 
25 The results are shown in Table 4. 

For comparison, the results obtained by adding no surfactant, or a cationic or nonionic surfactant to dilute 
hydrofluoric acid are also shown in Table 4. 



Table 4 



Surfactant 


No. of particles adhered to wafers 
(NoVwafer) 


Particle-removing rate 
(%) 


Structure 


Concentration 


Before cleaning 


After cleaning 




(None) 


0 ppm 


8690 


3480 


60.0 


C 9 F 17 -Op-Ph-S0 3 H 


10 ppm 


5640 


190 


96.6 


C 12 H 25 N(CH 2 CH 2 OH) 2 


200 ppm 


9080 


3760 


58.6 


C 12 H 25 0(CH 2 CH 2 0) 9 H 


200 ppm 


8140 


1930 


76.3 



Example 5 

Wafers were cleaned in the same manner as in Example 1 except that a volume ratio of ammonia, aqueous hydro- 
gen peroxide and ultra pure water was changed to X:1 :5 (NH 4 OH:H 2 0 2 :H20) (X being shown in Table 5), and the clean- 
ing temperature was 25°C. The results are shown in Table 5. 
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Table 5 



10 



15 



20 



25 



ivuxiny roiiy 

(NH 4 OH: 
H 2 0 2 :H 2 0) 


Surfactant 


No. of particles adhered to wafers 
(No./wafer) 


Particl e-removing 
rate (%) 




Structure 


flnn^pnt ration 


DclUI XS LrlCCU in ly 


MiLci Cricctniny 




10" 3 :1:5 


Sd 3 H 


in nnm 


ODDU 


mm 

O 1 IU 


9.7 


0.005:1:5 


t 


t 


5330 


3900 


26.8 


0.01 :1:5 


t 


t 


4520 


1930 


57.3 


0.05 :1:5 


t 


t 


5610 


1670 


70.2 


0.1 :1:5 


t 


t 


5230 


1100 


79.0 




t 


t (0 ppm) 


5430(7610) 


500 (4330) 


90.8 (43.1) 


1 :1:5 


t 


t (0 ppm) 


5430 (5920) 


240 (1180) 


95.6(80.1) 


2:1 :5 


t 


t 


5240 


210 


96.0 


5 :1:5 


t 


t (0 ppm) 


5640 (8690) 


190 (3480) 


96.6 (60.0) 


10 :1:5 


t 


t 


5540 


210 


96.2 


15:1:5 


t 


t 


5580 


1160 


80.3 



30 



35 



Example 6 

Wafers were cleaned in the same manner as in Example 1 except that a volume ratio of ammonia, aqueous hydro- 
gen peroxide and ultra pure water was changed to 0.1:1:5 (NH 4 OH:H202:H 2 0) l a surfactant shown in Table 6 was 
added, and the cleaning temperature was 25°C. The results are shown in Table 6. 

For comparison, the results obtained by adding no surfactant, or a cationic or nonionic surfactant to dilute 
hydrofluoric acid are also shown in Table 6. 



Table 6 



Surfactant added to NH 4 OH-H 2 0 2 -H 2 0 mix- 
ture 


Surfactant added to 0.5 % 
hydrofluoric acid 


No. of particles 
adhered to wafer 
(No./wafer) 


Particle- 
removing 
rate (%) 


Structure 


Concentration 


Structure 


Concentration 


Before 
cleaning 


After 
cleaning 




(None) 


0 ppm 


C 9 F 17 -0-p- 
Ph-S0 3 H 


10 ppm 


5230 


! 1100 


79.0 


C 9 F 17 -0-p-Ph-S0 3 H (ani- 
onic) 


50 ppm 


t 


10 ppm 


6530 


250 


96.2 


C 12 H 25 -Ph(S0 3 H)-0- 
Ph(S0 3 H) (anionic) 


50 ppm 


t 


10 ppm 


6470 


450 


93.0 


C7F i5 COONH4 (anionic) 


200 ppm 


t 


10 ppm 


5740 


570 


90.1 ! 


C 12 H 25 N(CH 2 CH 2 OH) 2 
(cationic) 


200 ppm 


f 


10 ppm 


6480 


3690 


43.1 


C 12 H 25 0(CH 2 CH 2 0) 9 H 
(nonionic) 


200 ppm 


t 


10 ppm 


5740 


940 


83.6 
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Example 7 

Wafers were cleaned in the same manner as in Example 1 except that a volume ratio of ammonia, aqueous hydro- 
gen peroxide and ultra pure water was changed to X:1 :5 (NH 4 OH:H 2 02:H 2 p) (X being shown in Table 7), and the clean- 
ing temperature was 25°C. The results are shown in Table 7. 
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Table 7 



Surfactant added to NH 4 OH- 
H 2 0 2 -H 2 0 mixture 


Surfactant added to 0.5 % 
hydrofluoric acid 


No. of particles adhered to 
wafer (No./wafer) 


Particle- 
removing rate 
(%) 


Structure (mix- 
ing ratio) 


Concentration 


Structure 


Concentration 


Before clean- 
ing 


After cleaning 




C 9 F 17 -0-p-Ph~ 
S0 3 H 
(0.005:1:5) 


50 ppm 


C 9 Fi7-0-p-Ph- 
SO3H 


10 ppm 


6000 


1680 


72.0 | 


t (0.1:1:5) 


50 ppm 


t 


10 ppm 


6530 


250 


96.2 


T (0.5:1 :5) 


50 ppm 


t 


10 ppm 


5660 


170 


97.0 ! 


t (1:1:5) 


50 ppm 


t 


- 10 ppm 


6550 


200 


96.9 


| T (2:1:5) 


500 ppm 


t 


10 ppm 


5670 


360 


93.7 
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30 Claims 

1 . A method for cleaning a substrate by the removal of deposited particles from the substrate, comprising the steps of: 

(1) cleaning the substrate with ammonia and aqueous hydrogen peroxide, 
35 (2) rinsing the substrate with ultra pure water, 

(3) cleaning the substrate with hydrofluoric acid containing an anionic surfactant, 
and ^ 

(4) rinsing the substrate with ultra pure water. 

40 2. The method according to claim 1 , wherein a mixture containing ammonia and aqueous hydrogen peroxide further 
contains an anionic surfactant. 

3. The method according to claim 1 or 2, wherein the concentration of said anionic surfactant in hydrofluoric acid or 
the mixture containing ammonia and aqueous hydrogen peroxide is at least 0.1 ppm. 



45 



50 



The method according to any one of claims 1 to 3, wherein said anionic surfactant is at least one surfactant 
selected from the group consisting of carboxylic acid type, sulfonic acid type and sulfate type anionic surfactants 
having a hydrophilic group of the formula: -COOH, -S0 3 H or -OSO3H and their metal salts, ammonium salts, and 
primary, secondary and tertiary amine salts. 
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Fig. 3 
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